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TEST AND EVALUATION OF 23 ELECTRIC VEHICLES 


FOR STATE-OF-THE-ART ASSESSMENT 


by Miles 0. Dustin and Robert J. Denington 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 



ABSTRACT 


The Electric and Hybrid Research, Develop- 
ment and Demonstration Act of 1976 required ERDA 
to develop data to determine the state-of-the- 
art of electric and hybrid vehicles, NASA, in 
response to ERDA’ s request, tested 18 electric 
vehicles. The U,S, Army’s MERADCOM tested four 
electric vehicles and the Canadian Government 
tested one. Eleven of the electric vehicles 
were passenger cars and 12 were commercial vans. 
Tests were conducted in accordance with an ERDA 
test procedure which is based on the SAE J227a 
Test Procedure. Tests included range, accelera- 
tion, coast-down, and braking. The paper pre- 
sents the results of the tests and comments on 
reliability. 
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ON SEPTEMBER 17, 1976 the Contress of tae United 
States enacted the Electric and Hybrid Research, 
Development and Demonstration Act of 1976 (Pub- 
lic Law 94-413). As part of this Act, the Energy 
Research and Development Agency, was required to 
"develop data characterizing the present state- 
of-the-art with respect to electric and hybrid 
vehicles. The data so developed shall serve as 
baseline data to be utilized in order (1) to com- 
pare improvements in electric and hybrid vehicxe 
technologies; (2) to assist in establishing the 
performance standards under subsection (b) (1); 
euid (3) to otherwise assist in carrying out the 
purpose of this section." 

The National Aeronautics and Space Adminis- 
tration under an interagency agreement with ERDA 
was requested to develop the data, required by 
Public Law 94-413, to characterize the state-of- 
the-art of electric ana hybrid vehicles. Data 
have been generated from vehicles tested oy a 
consistent set of test procedures. These tests 
are the subject of this paper. Also, Information 
has been collected from users of electric vehi- 
cles, and data and information obtained from ve- 
hicle manufacturers and from the literature. The 
data and information thus obtained have been 
evaluated and compiled to characterize the cur- 
rent state-of-the-art and are presented in 
Ref. 1. 

The purpose of this paper is to describe the 
electric vehicle tests conducted for the program 
and to present a summary of the test results. 

Data is presented on 23 electric vehiCi.es, 16 of 
which were tested by NASA's Lewis Research Center 
under the program; six of these bel'ore January 
1377 (Refs. 2 and 3) and i.0 more oe tween Jai;uary 
1, 1977 and September 1, 1977 (Refs. 4 through 
13). NASA's Jet Propulsion Laboratory (JPL) 
tested two electric vehicles (Refs. 14 and ID). 
The U.S. Army's Mobile Equipment Research and 
Development Command (MERADCOM) also tested four 
electric vehicles. In addition, perforr.iance data 
was provided by the Canadian (iovernment on one 
vehicle being tested by their department of Na- 
tional Defence using similar testing procedures 
(Ref. 16). 

A brief description of the vehicles, test 
tracks used, instrumentation, and pr.)cedures is 
included. Tliis is followei by a summary of the 
test results. 
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test program were judged to represent the current 
state-of-the-art of electric vehicles. The se- 
lection was meant to provide a broad spectrum of 
the available vehicles. Eleven were passenger 
vehicles and 12 were commercial vehicles. Six 
were foreign built, A list of the vehicles test- 
ed is in table I along with some of their impor- 
tant features. Photographs of the vehicles are 
shown in Fig. 1. 

TEST TRACKS 

Five test tracks were used for the test pro- 
gram. The selection of the particular track used 
depended on its availability, convenience, and 
the average weather conditions during the test 
period. The track must be dry and the tempera- 
ture between 4° C (40° F) and 32° C (90° F) in 
order to satisfy the test specification. The 
1975 and 1976 NASA tests were all conducted at 
the test track at the Transportation Research 
Center, TRC, owned and operated by the State of 
Ohio and a test track owned by the Dana Corpor- 
ation. Dxiring the winter and spring of 1977 
tests were carried out at the Dynamics Science 
Inc. test track at Phoenix, Arizona. In May 1977 
operations were moved to the TRC track when the 
daily temperature at Phoenix rose above 32° C 
(90° F) , MERADCOM conducted tests at test tracks 
at Aberdeen Proving Ground. The Canadian tests 
were conducted at the Department of National De- 
fence's Lajia Engineering Test Establish.nent. 

DYNAMIC SCIENCE INC. - The test track is an 
asphaltic concrete, two-lane 3.2 km (2 mi) oval 
with an adjacent 40 000 square meters (10 acre) 
skid pad. The average grade on the northern 
straight is 0.66 percent and on the southern 
straight is 0,76 percent. A skid pad was avail- 
able for wet and dry braking-in turns. Both 
20 and 30 percent grades are available for park- 
ing brake tests, 

TRANSPORTATION RESEARCH CENTER OF OHIO - The 
TRC track, located in East Liberty, Ohio is a 
12-km (7.5-mi), three-lane, high-speed test 
track. The track surface is concrete with as- 
phalt berms. The track has a constant 0.228 
percent downward grade north to south. A 
200 000-square meter (50-acre) vehicle dynamics 
area is avajflable for braking tests. 

DANA CORPORATION - The Dana Corporation 
Technical Center is located in Ottawa Lake, Mich- 
igan. The facility maintains a 2,8-km (1.75-mi) 
long test track. The three-lane test loop is of 
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reinforced concrete. The track has no facili- 
ties for braking tests. 

ABERDEEN PROVING GROUND - Three tracks were 
available at Aberdeen. The dynamic course, a 
straight track with less than 0.1 percent grade 
and low speed turn arounds was used for accelera- 
tion and coast -down tests. The mile loop with a 
maximum gradient of 1 percent was used for range 
tests up to 64 km/h (40 mph). The high-speed 
range tests were conducted on the 4.8-km (3-mi) 
straight course which also has a maximum gradient 
of 1 percent and high-speed turn arounds. All 
courses are paved with bituminous concrete. 

INSTRUMENTATION 

Six of the vehicles tested by NASA Lewis, 
were equipped with 14 channel analog data systems 
allowing the measureirient of motor current and 
voltage, battery current and voltage ana battery 
tem.perature as well as vehicle speed and dis- 
tance. At Dynamic Science the data was tele- 
metered to a central data acquisition center 
where it was recorded on a 14-channeI magnetic 
tape recorder. At TRC the data was recorded on 
board with a 14-channel portable magnetic tape 
recorder. 

The other 10 vehicles used on-board strip 
chart recorders to measure vehicle speed and dis- 
tance. In some cases battery current and voltage 
were also recorded. In all vehicles current in- 
tegrators were used to measure ampere-hours out 
of the battery. 

Current measurements were made with Hall- 
effect current sensors on vehicles with chopper- 
type controllers and .with LOO amp/100 mV shunts 
on vehicles with contactor type controllers. 
Voltage measurements were attenuated by voltage 
dividing circuits before entering the data ac- 
quisition system. 

Distance and velocity were measured with a 
commercial precision fifth wheel using a tachom- 
eter generator for speed measurements and an op- 
tical distance measurement. 

The data systems used by the other testing 
groups were very similar to those of NASA Lewis. 
MERADCOM used a seven-channel analog tape re- 
corder. NASA JPL used a 16-channei digital data 
logger system. The Ceuiadian data acquisition 
system used an eight-channel on-board strip chart 
recorder. 
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TEST PROCEDURE 


All vehicles were tested in accordance with 
the ERDA's Electric and Hybrid Vehicle Test and 
Evaluation Procedure (appendix E of Ref. 3). 

This procedure incorporates the tests described 
in the SAE J227a, Electric Vehicle Test Procedure 
(Ref. 17) with the addition of braking tests. 

The procedure also specifies requirements that 
improve test consistency and the quality of data 
obtained. The following tests were conducted: 

1. Range at constant speed was measiured at 
two to four different test speeds depending on 
the maximum speed of the vehicle. 

2. Ranges for stop and go driving cycles 
were measured at one or two of the SAE driving 
cycle schedxiles (Ref. 17). All vehicles were 
tested to the "B" schedule, 32 km 'h (20 mph) 
crusing speed, and to the "C" schedule, 48 km/h 
(30 mph) crusing speed, if the vehicle could de- 
velop the necessary acceleration and top speed. 
Only one vehicle tested could meet the ”D" sche- 
dule acceleration requirements. 

3. Energy consumption was measured for 
every range test using a residential kilowatt- 
hour meter to determine the electrical energy re- 
quired to recharge the battery following comple- 
tion of a range test. 

4. Maximum acceleration characteristics 
were determined with the battery fully charged, 

40 percent discharged and 80 percent discharged. 
The results of these tests were used to calcu- 
late the grade that the vehicle can negotiate at 
given speeds. 

5. Results of coast-down tests were used to 
calculate the road energy and road power of the 
vehicle over its speed range while traveling at 
constant speed. The coast-down tests were per- 
formed with the vehicle transmission in neutral, 
if the vehicle had a transmission, to eliminate 
motor friction and windage losses. 

6. Traction tests were performed to deter- 
mine the road force the vehicle could develop at 
low speed (2 to 3 km h) . The resxuts of the 
tests are used to calculate the maiximum grade 
climbing capability of the vehicle. The tests 
are run with the batteries fully charged, 

40 percent charged and 80 percent charged. 

7. Braking tests were conducted to: 

a. Determine maximum distance required 
to stop the vehicle in a straight 
line emergency stop. 
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b. Determine controllability of the 
vehicle while braking in a turn on 
both wet and dry pavement, 

c. Determine brake recovery after driv- 
ing through 0.15 meter (6 in.) of 
water at 0 km h (5 mph) for 2 min- 
utes, 

d. Determing parking braJte effective- 
ness on an incline, 

TEST RESULTS 


Since the purpose of the tests was to pro- 
vide data to characterize the state-of-the-art 
and was not to compare individiial vehicle per- 
formance the vehicles are not identified by name 
when presenting performance characteristics. . 
They are identified by a code beginning with the 
letters "P" for personal vehicles and "C" for 
commercial vehicles, 

RANGE AT CONSTANT SPEED - At least two 
range tests, 40 km/h (25 mph) and at top speed, 
were conducted on each vehicle at constant speed. 
Additional tests as specified by the test proce- 
dure were carried out on those vehicles that 
could achieve speeds of greater than 35 mph. A 
plot of vehicle range as a function of speed for 
all vehicles is shown in Fig, 2. The test re- 
sults tend to fall in two distinct groups. The 
average ranges for these two groups are shown by 
the dashed lines. The vehicles show a large de- 
crease in range at higher speeds due to in- 
creases in vehicle aerodynamic loads and tire 
losses at higher speeds and decreased battery 
capacity with higher current flow. The reasons 
for the large variation in range among the ve- 
hicles, at a given speed (42 km (26 mi) to 
108 km (117 mi) at 40 km (25 mph)) was not as 
obvious. The track tests were very consistent 
and repeatable for any given vehicle, so the 
spread must be due to the differences in vehicle 
propulsion systems, the efficiencies of indivi- 
dual components, and battery capacities. These 
differences have been qualified by General Re- 
search Corporation's John Brenneind, who under 
contract with NASA Lewis, has determined, aver- 
age motor drive train efficiencies for some of 
the tested vehicles from the coast-down and 
range data. Mr. Brennand is presenting the re- 
sults of his analysis at this conference. 

Using another approach, implied drive train 
efficiencies were also determined for the state- 
of-the-art assessment of electric ard hybrid ve- 
hicles (Ref. 16) from theoretical values for 
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Mro^oamic and tire losses. The drive train 
efficiencies calculated by both methods gener- 
ally were in good agreement, 

KANGE OVER DRIVING CYaES - All vehicles 
tested since .January 1977 and some of those 
tested before that date were evaluated over the 
stop-and-go driving cycles specified in the SAE 
J2E7a test procedure. All vehicles had tho ac- 
celeration required to perform tne *'B" schedule, 
32 km/h (20 mph) cruise speed. Most of the ve- 
hicles had sufficient acceleration for the "C" 
schedule, ^8 km/h (30 mph) cruise speed. How- 
ever, only oik* vehicle could accelerate to tne 
72 km/h (4b m{.h) cruise speed in the required 
time to meet the "D" schedule. 

Figure j presents plots of vehicle reuige 
for the "B" and "C" schedule driving cycles. 

The data is plotted as a I'unction of two param- 
eters of general interest test weight and pay- 
load, Again a large variation exists in range 
for vehicles tested using the same procedures. 
While not shown in Fig. 3, vehicle P-11 com- 
pleted 38 cycles for a range of 66 km (41 mi) 
over the "D" schedule. 

ENERGY C0NGUI41TT0N - Energy consumption was 
determined by measuring the electrical input 
energy to the battery charger required to re- 
chart'e the battery following each range test. 

The energy consumptions for 11 of the vehicles 
determined during constant speed range tests are 
plotted as a function of vehicle speed in 
Fig, 4. To insure that all cells were fully 
charged before each test the batteries were 
overcharged to varying degrees. To allow com- 
parison on a consistent basis, the energy con- 
sumption data was corrected to an overcharge 
leve i of 10 percent on each charge. The energy 
consumption varies considerably because of the 
large variation in vehicle test weights, differ- 
ent driveline efficiencies, and different bat- 
tery charger efficiencies of the various vehi- 
cles, 

ACCELEFATION - The acceleration character- 
istics expressed in terms of the time required 
to accelerate from rest to 32 km/h (20 mph) and 
time to reach 48 km/h at maximum power are shown 
in table II, The times required to reach 32 
km/h vary from 4 to 14 seconds compared to about 
3 seconds for a typical conventional vehicles. 
The tLmes to reach 48 km/h (30 mph) range from 
9 to bl seconds, A tj'picad. conventional vehicle 
requires about 5 seconds. As expected, accel- 
eration tines are generally less for vehicles 
with high motor power to vehicle weight ratios. 
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Only the v^ehicie with hydraulic rej/enerative 
braking liad acceleration characteristics that 
a|)f)i'oach those ol‘ conventional vehicles. 

ROAD HDWER AND ROAD ENER(;Y - Road enei^-iy 
mid road power requirements as calculated I'r'jra 
the slope of the coast-down test deceleration 
curve are listed in table III for IG of the 
tested vehicles. The data is listed for sijeeds 
of 3?, 48, and 64 kin/h (‘<:o, 30, and 40 mph). Jf 
the vehicle had a transmission the coast -down 
was performed with the transmission in neutral. 

In one case, C-E, the data are corrected to elim- 
inate the motor winda<'e suid friction losses. 

Lar/’ie variations in road power and road load 
exist because of the Jda't^e differences in aero- 
dynamic drat:, vehicle tes' weight, tire infla- 
tion pressures, and drive-train efficiencies. 

ORADEAIULITY - The grades that the tested 
vehicles can clmb at various sjjeeds as calcula- 
ted from the slope ol’ the maximum acceleration 
test curve are listed In table IV. lor rel'er- 
enco, the federal interstate highways in Ohio are 
limited to 4 («rrent grades" while non-federal 
hit:hways meiy have grades as high as I'd percent. 

The good gradeability of most electric vehicles 
at very low speeds is due to the torque -sj>eed 
characteristics of the series wound DC motor 
used in most vehicles. However, the gradea- 
bility drops very rapidly at higher speeds. At 
40 km/h (24 mph) only 13 of the 17 vehicles on 
which gradeability tests were conducted could 
climb the 4 -percent grade. At 48 km/h (30 mph) 
only eight of the vehicles could negotiate the 
4-percent grade. 

MA^sII'IUr-l SPEED - The maximum speeds for all 
of the vehicles as measured at the test track 
are listed in table V. Due to the variations in 
grades of the test tracks the speed of a vehicle 
varies considerably when oriven around the track 
at maximum throttle. The maximum speed listed 
is therefore the average speed the vehicle could 
maintain around the test track without overheat- 
ing the motor. Only four of the vehicles can 
travel at speeds of 88 km/h {bt mph), the cui-- 
rent United States speed limit. Only nine of 
the vehicles could maintain the minimum speed 
allowed on most United States freeways, 64 km/h 
( 4d mph). 

RE jEI.TlRATI'.'E BRAKI.'o - Eight of the tested Dustin and 
vehicles had some type of regenerative braking D«nington 


"Basic Minimum Design Standards for State 
Highways" fiirnished by Ohio Dept, of Highways. 
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V 

system, The."e systems convert the vehicle kine- 
tic energy, normally lost as heat in the brakes, 
when the vehicle is slowed down, to a different 
form of stored energy that could be reused to 
power the vehi^-le. Seven of the vehicles had 
systems that converted the propulsion motor into 
a generator when the brakes were applied thereby 
returning electrical eiisrgy to the battery. One 
of the vehicles had a hydraulic system. The hy- 
draulic motor, connected to the electric motor 
drive shaft, acted like a pump when the bra';es 
were applied pumping hydraulic fluid under px*es- 
sure into an accumulator. Upon accelerating, 
the high-pressure fluid was valved through the 
hydraulic motor resulting in additional acceler- 
ating torque being applied to the vehicle drive 
shaft. This was the only t:/pe of regenerative 
braking system tested that also greatly improves 
acceleration characteristics of the vehicle. 

Table VI lists data for five of the vehicles for 
which good data is available both with and with- 
out regenerative braking. Vehicle range is pre- 
sented on the table both with and without re- 
generative braking for the "B" and "C" schedule 
driving cycles. During the tests, current re- 
turned to the battery during braking was regis- 
tered on a current integrator. Vehicle C-2 was 
not included in the table because no current was 
returned to the battery. The vehicle was de- 
signed so that the regeneration system does not 
operate below 24 km/h (15 mph) which is about 
the vehicle velocity the vehicle reaches at the 
end of the coast period of the "B" cycle before 
brakes are applied. The vehicle lacked the nec- 
essary acceleration to meet the "C" scnedule re- 
quirements. In the case of vehicZe C-3, the ve- 
hicle was designed so that the hydraulic brakes 
and the regeneration are applied together as a 
safety feature. If the braking system is 
equally balanced approximately half of the brak- 
ing energy is lost in the front wheel brakes, 
reducing the benefit of regenerative braking. 

Other vehicles with electrical regeneration s^^s- 
tems show increases in range of frcin 1 to 31 
percent. The hydraulic regenerative braking 
system increased the range of the C-5 vehicle 
29 percent for the "C" schedule. 

BRAKING - The results of braking tests con- 
ducted on 12 of the vehicles are shown in tatle Dustin and 

VII. Braking tests conducted on vehicles tested Denington 

prior to 1977 consisted of braking from top 
speed and from 48 km/h (50 mph) only. In some 
cases the vehicles failed before braking tests g 

could be performed, the manufacturer requested 



the tests not be conducted, or the test engi- 
neers elected not to conduct the tests. 

In spite of the heavy gross weights of the 
electric vehicles few problems arose during the 
braking tests. Only one vehicle, C-3, did not 
meet all stopping distance requirements and it 
was shown during subsequent tests that the driver 
had not applied enough brake force. One vehicle, 
C-7, could not stop in a turn on a wet track in 
a well-controlled manner. Two vehicles, C-2 and 
C-3, required more than the maximum allowable 
pedal force during 3 meter-per-second-squared 
(10 ft/sec^) stops during wet recovery tests. 

Only two vehicles, P-4 and P-9, passed parking 
braice tests without adjustment. Most vehicles 
passed the tests after the brakes were adjusted. 

RELIABILITY - In general, track tests were 
conducted under good operational conditions. 

The drivers carried out the tests in a well- 
controlled, non-abusive manner and the vehicles 
were maintained by cempetent electric vehicle 
test engineers and mechanics. The largest ac- 
cumulated distance driven by any vehicle dxiring 
the test period was less than 1600 km (1000 mi). 
Even under these conditions most of the tested 
vehicles experienced some problems during the 
tests. More problems were encountered with the 
one-of-a-kind or limited-production vehicles 
than with those that were from larger production 
runs. During the tests many batteries failed 
and had to be replaced. The tests themselves 
probably lead to this shortened battery life due 
to the overcharging, to assure eq\iilization of 
all cells in the battery, and the complete dis- 
charging of the battery during each test. 

Most of the failures were charger malfunc- 
tion, however, motor overheating and complete 
motor failure occurred several times, controller 
malfunctions occurred and fuses and circuit 
brakers also went out. Test personnel felt that 
most vehicle problems could be eliminated by im- 
proved manufacturing processes, better quality 
control, and proof testing vehicles before de- 
livery. 


conaiUDiNa rei^iarks 


Performance tests were conducted on 23 
electric vehicles as part of a program to char- 
acterize the state-of-the-art of electric vehi- 
cles. The tests showed a wide variation in ve- 
hicle performance. This variation is attributed 
to vehicle design differences and their influ- 
ences on drive -line efficiencies and the power 
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required to propel the vehicles. 

The range, acceleration, top speed, and hill 
climbing performance for electric vehicles are 
lower thaj:i for conventional vehicles. Improve- 
ments in batteries and electric drive systems, as 
well as the use of energy buffers ( such as fly- 
wheels) can significantly improve the perform- 
ance of electric vehicles, but they will probably 
always have some limitations compared to conven- 
tional vehicles. 

The energy consumption of electric and con- 
ventional vehicles are about the same. Gasoline 
consumption for four conventional vehicles was 
measured under the same test conditions as were 
the electric vehicles (Refs. 1 and 18). The 
quantities of thermal energy in the gasoline used 
to propel the conventional vehi::les is approxi- 
mately the same as would be used to generate the 
electricity used to propel the electric vehicles. 
Improvements in electric vehicles should reduce 
energy consumption and maintain or improve their 
energy consumption relative to conventional ve- 
hicles. 

The reliability of the electric vehicles 
tested was poor compared to conventional vehi- 
cles. As there are presently electric vehicles 
in service that have demonstrated very high re- 
liability it is expected that as the industry 
matures the reliability of all electric vehicles 
will improve. 
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TABU' I 


aiMWCTERISnCS OF TRK»-TrSTTD vnaoTF 


Vehicle 

Type'* 

Curb weight 

tfegener— 

ating 

bra)(e 

Mitoi 

typeb 

Motor 

pewer, 

kW 

Controller‘s 

Transmission 

— 


kg 

Um 

iVi Oeix-'ral CU-5E 

c 

1644 

3624 

. 

C 

14.9 

SCHP 

nirect drive 

fior (xistal servici' ' 

Llectrucit 










1 

Battronic .Minivan 

c 


5930 


s 

31 

9CHP 

2 Speed; manual 


CIA Town Car 

p 


3100 


p 

— 

Hr 

B.gw 

Fixud r|Dar ratio 

Cham driw 

Daiiiatsu Van 





_ 

37 





C, F 








i:PC llmrunobird 

p 

1191 



S 

7.5 

TCHP 

4 irumul 

— 

f:VR Contactor 





P 

7.5 

BSW 

Automatic 

— 

rVA Mrtro soc^i 



3150 


5 

10 

9CHI’ 

Autonatic 

1 

(2 vehicles) 










1 

lAT^ PaotT 


1810 

3990 

- 

S 

14.9 



4 S(iPod; nunual 

— 

Fiat 6b0 T van 

C, F 

1510 

3330 


P 

14 



Direct driw 

<^kK»-foint Ijutter/ 











watermg 

Jet Industries 

C 

1134 

2500 


S 

7.5 



4 S{ja*d; numul 

— 

Electra Van 











(Hx) I) 











Jot Industries 

C 

1216 

2680 


s 

7.5 



4 Speed; manual 

— 

Electra Van 











(.'txl 11) 











Lucas limMSine 

C, F 

2774 

6116 

■ 

s 

37 



Fixed qear ratio 

Qiam drive 

.MaraUxn C-300 


1179 



— 

6 

BSW 

4 Speed; manual 

— 

Otis P-500 

Hi 

1642 

K7!C Si 


s 

22 

SOiP 

Fixed gear ratio 


1 Utility Van 











Power-Tram '.ran 

c 

1946 

4290 

s 

s 

22 

saip 

Fixed qear ratio 

)f/draulic accvjmi- 











la tor 

RiWl^let'tric 

IH 

1313 


• 

s 

15 

TCI IP 

4 Speed; mamwil 


febr inq- V.vii niard 

|H 

590 



s 

4.5 

BSW 

Direct drive 

— 

CitiCor 











Sebring-Vanipsird 


660 

1455 


s 

4.5 

BSM 

Direct drive 


CitiVan 











^ \tol)t3wagen trans- 

■on 

2268 

5000 

- 

n 

17 

SCHP 

Direct drive 

— 

porter 











Waterman lAT 

■H 

1225 

2700 



6.7 


Variable Si«3ed 

Belt-driven trans- 











mission 

Vtaterrun Renault 5 


1170 

2580 



6.7 

BSW 

4 Speed; manisii 

u 

Zagato Ulc^u: 


553 

1220 


mM 

2 

BSW 

Direct drive 

— 


“Vutuclo tytju: C clonotes canitrcial; P ckinotus pasaencfor; F dunotes foreign manufacturer. 

^^tor tyiJe: S denotes serie.; motor; P denotes shunt motor: C denotes ccnp^und rotor. 

‘^ContioUer type: SC31P denotes siliocn-oontroller rectifier (SCR) chanor; TtnO’ denotes transistor choHJer; na.’ denotes 

battery switdung; R denotes resistance. 
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TABI£ II. - MEASURED ACCELERATION CHARACTERISTICS^ 


Vehicle 

code 

Time required to reach indicated 
speed in kni/h (nph) , s 


32 (20) 

48 (30) 

P-1 

14 

29 

P-2 

9 

34 

P-3 

7 

16 

P-4 

9 

22 

P-5 

8 

— 

P-6 

8 

14 

P-7 

8 

17 

P-8 

7 

16 

P-9 

11 

20 

P-10 

7 

45 

P-11 

— 

— 

C-1 

6 

11 

C-2 

9 

23 

C-3 

7 

14 

C-4 

8 

19 

C-5^ 

4 

9 

C-6 

9 

16 

C-7 

10 

17 

C-8 

7 

22 

C-9 

6 

13 

C-10 

7 

15 

C-11 

12 

21 

C-12 

— 

51 


^As corparGcl wit±i typical internal conbustion 
engine vehicle acceleration times of 3 s to 
32 km/h, 5 s to 48 kn\/h» and 15 s to 97 km/h 
, (60 mph) . 

“ifest data supplied by rrianufacturer. 




III. - ROAD PCWEI^ AND ROAD 
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TAPTF. IV. - GRAEEABILI1Y 
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tabu: V. - MEASURED mXLMM 


SPEEDS 


Vehicle 

code 

Maxinun speed 

knv/h 

mph 

P-1 

58 

36 

P-2 

64 

40 

P-3 

80 

50 

P-4 

56 

35 

P-5 

48 

30 

P-6 

88 

55 

P-7 

90 

56 

P-8 

85 

53 

P-9 

76 

47 

P-10 

51 

32 

P-11 

88 

55 

C-1 

90 

56 

C-2 

56 

35 

C-3 

72 

45 

C-s 

60 

37 

C-5 

64 

40 

C-6 

71 

44 

C-7 

56 

35 

C-8 

50 

31 

C-9 

64 

40 

C-10 

84 

52 

C-11 

— 

— 

C-12 

56 

35 
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TABLE VI 


EFFECTS OF REGENERATIVE BRAKING 


Veiiicle 

code 

Driving 

schedule 

Range 

Improvement 
in range, 
percent 

Without regenerative 
braking 

With regenerative 
braking 

km 

miles 

km 

miles 

P-3 

D 

52 

32 

■■ 

33 

2 


C 

37 

23 


28 

21 

P-6 

B 

105 

65 


73 

12 


C 

94 

58 


77 

31 

P-7 

B 

48 

30 

■9 

33 

10 

1 

C 

44 

28 

48 

30 

9 

1 

B 

68 

42 

72 

45 

5 

1 

C 

47 

29 

48 

30 

. 7 

1 

i 

B 

51 

32 

57 

35 

11 

1 

C 

44 

28 

57 

36 

29 
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VEHICLE SPEED, km/h 


10 20 30 40 50 60 

VEHICLE SPEED, mph 


Figure Z - Vehicle range as function of speed. 
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Figure 3. - Variation of cycle range with weight. 
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Figure 4. - Energy consumption as function of vehicle speed for 
electric test vehicles. 



